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What is Digital Engineering?

Digital Engineering (DE) embodies a deliberate 
transformational approach to the way systems are designed, 
engineered, constructed, operated, maintained, and retired

Why? 

Digital Engineering

òAir Force flies 6th-gen stealth fighter ð'super 

fast' with digital engineeringó ðAir Force has 

already built and flown a new sixth-generation 

stealth fighter jet originally scheduled for 

~2030 (almost a decade early).
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Emphasis on development of functional analysis (activity diagrams) and 
physical analysis (asset, internal block diagrams) over document creation

System models (SysML/LML) are linked to the requirements document in the 
same tool environment to provide system-level traceability

Models are integrated across teams (from INL test beds through contractor 
design teams)

Model-Based Systems Engineering (MBSE) Environment 
for INL Test Beds and Industry Team

MBSE
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Physical: Cell Cooling System

Requirements integrated with MBSE model

Functional: TRISO fueled experiment in DOME



Building the Digital Thread with Model-Based Systems 

Engineering (MBSE) and digital engineering

ÅComputer Aided Design (CAD) bidirectional 
integration with MBSE models to reduce error 
transferring from systems through detailed 
design (leveraging existing laboratory 
university research on Deep Lynx)

ÅGenerating reports in INL- and NRIC-compliant 
formats to automate documentation needs at 
the system level

ÅIntegration with the overall digital engineering 
ecosystem which will provide analysis 
integrations at the system, civil design physics, 
and nuclear physics codes

ÅOverall plan to integrate this system (used in 
design) with operating facilities to enable a 
full digital twin

Develop fully traced model-based systems 
engineering model (digital thread)

Demonstrate CAD elements 
to/from systems design for 

demonstration test bed
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What is a Digital Twin?

Digital Twins represent the merging of digital 

thread, controls theory, artificial intelligence, 

and online monitoring into a single cohesive 

unit, a virtual model that comprehensively 

captures all relevant aspects of the underlying 

system, utilizing bidirectional communication to 

track and trend both simulated and measured 

physical responses.

Nuclear Reactor Digital Twins

Digital 
Twin
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NNSA Safeguards by Design
Digital Twin Project



Cloud and High-Performance Computing

ÅMicrosoft Azure for Government 
Environment

ÅSingle Sign-On for Industry

ÅSecure Environment (OUO/ECI)

ÅHub/Spoke Deployment Model

ÅInterconnection to HPC (in process)

ÅAccess to DOE-NE HPC Resources

ÅSawtooth (5.6 Petaflop/s)

ÅLemhi (1.0 Petaflop/s)

ÅFalcon (1.1 Petaflop/s)

Cloud 
& HPC
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Thank You
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ÅRelationships/Connectedness

ÅProcess vs. Structure

ÅThe Whole 

ÅPatterns and Context

Systems Thinking



ÅThe application of Systems Thinking principles to complex engineering projects

ÅSystems Engineering is distinctly different from System Engineering

ÅInterdisciplinary, structured process and means to enable the realization of 
successful systems or a plant ðconcentration on the òwholeórather than the 

òpartsó

Systems Engineering (SE)
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ÅMicrosoft Word, PDFs, Spreadsheets, and Paper Documents dominate the 
design process

ÅRequirements Management tools used as repositories to stash already-
drafted/completed information

ÅChanges must be manually assessed for downstream design impacts

ÅSoftware/design tools are disparate and siloed

ÅThis process isnõt wrong, but it is tediousand costly

Current Nuclear Industry Application of SE



ÅModel-Based Systems Engineering (MBSE): Shifting from a document-based 
approach to the use of models and databases as a means of information 
exchange

ÅModel: A simplified version of a concept or structure; graphical representation 
of a process; abstraction of information to facilitate understanding and 

eliminate unnecessary components

ÅModels/databases form an integralpart of the technical baseline at the 

beginning of a project ðvisual learning and understanding tool

ÅDeparture from static, obsolete Word/PDF etc. documentation

Moving Towards Using Digital Engineering Tools for SE



ÅNodes and edges

ÅObjects/Entities
ÅThings (nouns) that make up a plant, both physical 

and conceptual

ÅRequirements, components, organizations, risks, 
interfaces, etc.

ÅIdentifiable through established numbering and 
naming conventions

Basic Concepts of MBSE

Object

Object

Object

ÅAttributes
ÅSupplemental information used to further describe entities (adjectives)

ÅShape, size, volume, temperature, importance, etc.

ÅRelationships
ÅThe associations (verbs) that occur between entities



ÅFocuses on eliciting initial high-level 
requirements and capturing them within a 
database

ÅDeriving plant functions and creating 
relationships to originating requirements 

ÅModeling how these functions relate to one 
another beforesynthesizing a plant architecture

Using MBSE for Early Project Development

Requirement
Function

Function Function

Decomposed by



ÅContinuing to develop behavioral/functional models
ÅCapturing inputs/outputs

ÅAssigning durations to functions

ÅSequencing functions to understand dependencies

ÅUsing behavioral/functional models to formulate a plant structure
Å Identifying systems that exhibit the behavior of the plant concept

ÅEstablishing a hierarchy between systems, subsystems, and their components

ÅLinking structures, systems, and components to the functions they perform

ÅDefining how systems relate to one another
ÅCapturing interfaces

Forming a Complete System Model



ÅAction Item Tracking

ÅSchedule Integration

ÅCost Estimation

ÅTechnical Decision Tracking/Logging

Integrating Aspects of Project Management
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System Validation

Å Functional models can be used to validate 
that system concepts perform as expected

Requirement Verification

Å Automated reports based on established 
database traceability

Risk Analysis

Å Traceability through the database to methods 
used to mitigate project risks

Additional SE Activities Facilitated by MBSE


